Abstract -This paper reviews the status of embryo transfer and the major technologies applied to preimplantation of embryos in sheep. Embryo production from superovulated ewes is hindered by an unpredictable response to hormonal treatment. Progress in this area should be expected by an appropriated control of follicular development with gonadotropin-releasing hormone (GnRH) 
SUPEROVULATION
Small-scale studies in sheep embryo transfer reported 40 years ago [7] established the basic techniques for surgical recovery of embryos (reviewed by Moore [68] ). The Australian experiments leading to the artificial control of oestrus [90] [60, 72] . However, a major effort has been made by reproductive biologists in the past to fit suitable superovulation protocols into a large number of domestic breeds under a broad environmental range (see [45] ).
2) Factors susceptible on improvement (gonadotrophin, knowledge of ovarian physiology). Pregnant mare serum gonadotrophin (PMSG) [6] , pituitary extracts of different origin [28, 69, 96] and human menopausal gonadotrophin [92] are commonly used for superovulation in sheep. The biological properties of the gonadotrophins used for superovulation have been described in detail elsewhere [13] ; for review see [45] [67] or later, during early embryonic development as a result of unbalanced hormonal profiles [3, 51] [66] , association of these two gonadotrophins [91] , single versus multiple injections [30, 64] , or inclusion of GnRH or growth hormone in the treatments [36, 111] .
However, the well-known side-effects of the superovulatory treatment such as unovulated follicles, low fertilization and recovery rates (reviewed by Naitana et al. [72] ) were left largely unsolved. Undoubtedly, the balance between FSH and luteinizing hormone (LH) components or the purity of the gonadotrophin preparation play an important role [24] ; the availability of recombinant FSH [59] [45] ). This problem has been overcome by Trounson and Moore [109] [101] . Laparoscopic techniques were later introduced for embryo recovery to reduce the extent of surgical intrusion [63] . While this approach did allow repeated recoveries from the same animal, the average yield from a single flushing was lower than surgical collection [95] . Although some success has been described for cervical collection of embryos [ [120] . In the original protocol, the embryos were incubated in appropriated concentration of permeating cryoprotectors, cooled 3-4 °C below the freezing point, then ice nucleation was induced in the medium by touching the vial with a pair of pre-cooled forceps. The cryoprotectant was removed step-wise after thawing and the embryo was ready for transfer. Once the procedure was established, research continued to increase embryo survival through the adoption of low toxicity cryoprotectants such as ethylene glycol [102] and particularly after the incorporation of a non-permeating osmotic buffer, sucrose (reviewed by Rall [86] ) into the freezing medium, which allows direct transfer after thawing as first suggested by Heyman and co-workers [49] . A further innovation in the cryopreservation of mammalian embryos was later suggested by Rall and Fahy [87] . In [75] .
Studies from Naitana et al. [73] [31] . Two years later the use of cysteamine, which increases the glutathione level in oocytes, was already adopted for in vitro embryo production using sheep [115] and lamb oocytes [83] .
In vitro fertilization
In 1985, Cheng reported a high fertilization rate of sheep oocytes matured in vitro [22] . In this system, the semen was resuspended in medium containing oestrus sheep serum. This serum supplementation was also used by Crozet et al. [29] and still remains the most effective capacitating factor in sheep. Later, Pugh and co-workers [85] reported the birth of the first lambs following IVM [18] . The nuclear envelope plays a central role in regulating the duplication of DNA [14] , and its disorganization in MIT cytoplast is followed by the replication of previously replicated DNA with the exception of the very few nuclei that are in G (reviewed by Campbell et al. [19] ). From these important observations, it was concluded that the normal development of embryos reconstructed by nuclear transfer could only be obtained by fusing synchronized G blastomeres into MIT cytoplasts or alternatively, by fusing unsynchronized blastomeres with pre-activated S phase cytoplasts [18] . While protocols for the synchronization of blastomeres are available in the mouse [82] , this and other procedures are unreliable in sheep embryos (Loi, 
unpublished observations).
Pre-activated cytoplasts increased the frequency of development to the blastocyst stage and to the term of cloned sheep embryos [57] . This procedure, however, is quite time-consuming because a two-step manipulation is required for embryo reconstruction. In subsequent work carried out in our laboratory, a high frequency of development to the blastocyst stage was obtained by transferring unsynchronized blastomeres from 16-32 cell embryos into MIT enucleated oocytes activated with ionomycin and a protein kinase inhibitor, 6-dimethylaminopurine (6-DMAP) [58] . In previous work, activated mouse eggs treated with 6-DMAP showed an accelerated pronuclear organization [71] , thereby indicating the inhibition of kinase(s) involved in the nuclear membrane assembly and chromatin structure. Moreover, these effects occurred without any interference to DNA replication [55] . Our [20] and the first lamb cloned from somatic cell was produced [122] . These [93] in all the lambs derived from a cell line.
Interestingly, the same phenotype was described in entirely derived stem cell mouse embryos as a result of deregulation of imprinted genes during in vitro culture [32] . 15 [77] or have negligible effects according to others [9] . All these considerations are based upon theoretical models because to our knowledge, no 
